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Specification 
1. [Title of the Invention] 
LIQUID CRYSTAL DISP1AY DEVICE 
25 2. [Scope of Claim] 

1) A liquid crystal display device characterized by comprising: 

a liquid crystal display panel including a liquid crystal sealed between a pair of electrode 
substrates at least one of which is formed of a semiconductor switching element group arranged 
in matrix; and 

30 an external circuit substrate on which an external circuit required for driving the display panel is 
JP58-207073 
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mounted and which has an opening to put the display panel in and connecting terminals disposed 
at the periphery of the opening, 

wherein the display panel substrate and the external circuit substrate are disposed to face each 
other and electrically connected by a conductive anisotropic elastic connector interposed 
5 therebetween. 

2) The liquid crystal display device according to claim 1, characterized in that an epoxy adhesive 
is sealed between the two substrates in order to fix the arrangement of the display panel substrate, 
the conductive anisotropic elastic connector and the external circuit substrate. 
3. Detailed Description of the Invention 
10 (Industrial Field of the Invention) 

The present invention relates to a method of electrical connection between a solid state 
display panel and an external peripheral circuit required for driving the display panel. 
(Prior Art and Problems to be Solved by the Invention) 

As a substitute for a CRT (Cathode Ray Tube), a flat-screen solid state display panel 
15 utilizing EL (electroluminescence), LED, liquid crystal and the like has been put into practical 
use to display images. In the CRT, an electron beam spot is sequentially scanned on a 
fluorescent screen to display images. On the other hand, in the flat-screen solid state display 
panel, a voltage is sequentially applied to intersections of rows and columns that are arranged in 
matrix, and images are displayed by utilizing EL light emission, LED light emission, and light 
20 transmission and reflection by the alignment of liquid crystals. Accordingly, in the case of 
achieving higher definition of displayed images or increasing image data to be displayed in the 
flat-screen solid state display panel, the panel is required to include a number of rows and 
columns arranged in matrix. In addition, since each signal is required to be inputted 
independently, as many terminals as rows and columns are needed for connecting the matrix 
25 display panel to a circuit for driving the panel. For instance, in order to achieve a high 
definition display, 200 to 500 rows and columns are arranged. Thus, as many as 400 to 1000 
terminals for each of the rows and columns are provided for connecting the panel to the external 
driver circuit, leading to the increased cost which is inevitable in view of reliably and accurately 
connecting each terminal. Further, in order to achieve a high definition display, rows and 
30 columns are needed to be arranged at a narrow pitch, which requires advanced connection 
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rfmologies for dense packaging. Conventionally, such connection is generally performed by a 
bonding method utilizing an Au thin wire with a diameter of about 15 H> that is used for 
building an IQ However, as compared with the IC that typically has only 20 to 30 connecting 
terminals, the display panel has much more connecting terminals and occupies a larger 
5 connecting area. Therefore, reliability of connection, in particular physical connection strength 
is reduced as well as connecting yield. 

As a way to solve the aforementioned problem, a driver circuit and electrodes of a 
display matrix may be integrally formed on the same substrate by using a Si single crystalline 
substrate or an amorphous semiconductor thin film to reduce terminals connected to an external 
10 circuit. However, in the case of a large display panel, it is much more expensive to integrally 
form a driver circuit that involves many manufacturing steps on a part of the large display panel 
as compared with to independently form the panel and the driver circuit and connect them to 
each other. FIG. 1 shows an electrical equivalent circuit of a display portion (pixel). Each unit 
pixel comprises a switching transistor (high voltage MOSFET), a storage capacitor, and a liquid 
15 crystal display electrode, and 220 x 240 unit pixels are arranged in matrix. Gates of the 
switching transistors in each row are connected to a common address line Gi, G 2 » ... or G220* 
Drains of the switching transistors in each column are connected to a common data line Di, D2, 
... or D 240 . The address lines Gi, G 2 , ... G220 are driven by an external circuit by a line 
sequential driving method. The data lines Di, D 2 , ... D240 are also driven by an external circuit 
20 to supply an image signal in synchronism with the address lines. As a result, a switching 
transistor group connected to a common address line is turned ON and the image signal is stored 
in the capacitor. The stored image signal is held during a scan period of one screen and a liquid 
crystal on the display electrode is statically driven. 

Such transistor, storage capacitor, display electrode and the like arranged in matrix are 
25 formed by the same steps as a normal MOS transistor formed on a Si wafer. When the size of a 
pixel is 150 \i x 150 \i for example, the pitch of the data lines is 150 \i as well as the pitch of the 
address lines, and external terminals connected to the external circuit are also arranged at 
substantially the same pitch in order to achieve compact package of the display panel. 

FIG 2 is a cross sectional view showing a structure of a display panel. Over a Si 
30 substrate (1) including a MOS transistor array, an electrode group (2) for constituting an address 
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line, an electrode group (3) for constituting a data line, and an external connecting terminal (4) 
for connecting these electrode groups to an external portion are formed in matrix. A liquid 
crystal material (6) is sealed over the Si substrate with a sealing member (5). A transparent 
conductive film (7) is attached to a front glass substrate (8) in advance in order to be used as one 

5 of electrodes needed for applying a voltage to the liquid crystal. In the case of such display 
panel being formed, the Si substrate (1) is overlapped with a reinforcement board (9) for 
reinforcing the Si substrate (1). 

FIG 3 shows a conventional method of connecting the display panel shown in FIG 2 to 
the external driver circuit. A wire conductor (12) is formed over an external circuit substrate 

10 (11), and a driver IC chip (13) is disposed in accordance with a predetermined circuit. This 
external driver circuit and the display panel are attached by using a support board (10) on the 
back side of the display panel. 

Accordingly, the IC chip (13) and the wire conductor (12), or the wire conductor (12) 
and the electrode (4) of the display panel are connected to each other with a wire (14) by using a 

15 normal wire bonding device. The wire bonding method is suitable for connecting electrode 
terminals that are densely arranged as in the case of a normal IC chip being mounted into a 
package. However, in order to drive the display panel described herein, it is required to be 
connected to the external circuit through a few hundreds of terminals. In that case, the bonding 
with wires is likely to be complicated, and it is expected that package yield due to a defective 

20 bonding is considerably reduced. In addition, in the case that defects occur in the display panel 
during the packaging steps, it is difficult to detach the panel display portion from the external 
circuit substrate to be replaced. Thus, the external driver circuit as well as the display panel has 
to be discarded, which may prevent the lower cost of the display device. 
(Purpose of the Invention) 

25 As a way to solve the aforementioned problems of the wire bonding method that is 

conventionally used for packaging, the invention provides a method of electrically connecting 
the display panel including densely arranged wires described herein to the external circuit 
including driver circuits by using a conductive anisotropic elastic connector. 
(Constitution of the Invention) 

30 A liquid crystal display device of the invention comprises a liquid crystal display panel 
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icluding a liquid crystal sealed between a pair of electrode substrates at least one of which is 
formed of a semiconductor switching element group arranged in matrix, and an external circuit 
substrate on which an external circuit required for driving the display panel is mounted and 
which has an opening to put the display panel in and connecting terminals disposed at the 
5 periphery of the opening. The display panel substrate and the external circuit substrate are 
disposed to face each other and electrically connected by a conductive anisotropic elastic 
connector interposed therebetween. 
(Embodiments of the Invention) 

FIG 4 is a cross sectional view showing a structure in the case of a display panel and an 
10 external circuit substrate being connected according to the invention. A display panel in FIG 4 
is constituted by a Si substrate (1) including an electric circuit as shown in FIG 1, a wire (2) 
arranged in matrix, an electrode terminal (4), a liquid crystal material (6), a front glass (8) and 
the like. 

An external circuit is constituted by a ceramic substrate (11') used as an example of a 

15 circuit substrate, a conductive wire and a terminal (12') formed thereover by thick film printing, 
and an IC (13') which is required for driving the display panel and connected to the substrate 
(11') with a lead (14') by a TAB (Tape Automated Bonding) method or the like. 

The terminal (4) over the display panel substrate (1) and the terminal (12') over the 
external circuit substrate (11') are formed at the same pitch and connected to each other. The 

20 electrodes (4) and (12') over the two substrates are overlapped so as to face each other with an 
elastic connector (15) interposed therebetween. The connection using such elastic connector is 
described with reference to FIG 5. In FIG 5, a transistor, a capacitor and the like to constitute a 
pixel of a display panel are formed on a Si substrate 1 by the same steps as a normal MOS 
process. An electrode terminal (4) is generally formed of an Al deposited film with a thickness 

25 of 1 (i by a photo etching method. The elastic connector (15) in a stripe shape with a thickness 
of about 1 nm is formed over the Al thin film electrode terminal and temporarily fixed with an 
appropriate adhesive. The main body of the elastic connector (15) is formed of elastic gum, 
and a thin metal wire (16) is put therein at intervals of 20 to 40 \i. Both ends of the metal wire 
protrude from the surface by about 5 to 15 \x. 

30 Accordingly, as is evident from FIG 5, the Al thin film terminal (4) over the Si substrate 
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(1) and the thick film printed electrode terminal (12') over the external circuit substrate (IV) are 
electrically connected through the metal wire (16) in the connector (15). When packaging the 
display panel, the external circuit substrate (1), the elastic connector and the display panel 
substrate are stacked first as shown in FIG 4 to form a sandwich structure and temporarily fixed 
5 in a mechanical manner. Then, display properties are tested, and in the case of a defect being 
detected in the display panel, it can be easily detached and replaced by another display panel. 
In the case of the display properties being verified, for example an epoxy adhesive (17) or the 
like is sealed between the external circuit substrate and the display panel substrate to 
permanently fix the arrangement of the external circuit substrate, the connector and the display 
10 panel substrate. In the case of connecting by using such epoxy mold, even when changes in 
external environment, in particular changes in temperature cause a deformation due to thermal 
expansion, a reliable connection can be achieved since the connector portion is formed of an 
elastic material and the metal wire for connection has a spring action. Although the Si 
semiconductor substrate and the external circuit substrate are connected in this embodiment, the 
15 invention can also be applied to the case in which TFT (Thin Film Transistor) switching 
elements are formed over a glass substrate by using amorphous Si and connected to the external 
circuit substrate. 

4. Brief Description of the Drawings 

FIG 1 is a view showing an electrical equivalent circuit of a liquid crystal matrix display 

20 panel, FIG 2 is a schematic cross sectional view of a liquid crystal display panel, FIG 3 is a view 
showing a conventional connecting method of a liquid crystal display panel and an external 
driver circuit, FIG 4 is a view showing a structure in the case of a liquid crystal display panel 
and an external driver circuit of a liquid crystal display device being connected by the invention, 
and FIG 5 is a magnified view of a connecting portion of the liquid crystal display panel and the 

25 external driver circuit shown in FIG 4. 

(1) Si substrate (9) reinforcement board (11)(11') external circuit substrate (13)(13') 
IC chip (15) elastic connector 
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